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1. For all patients presenting with NSTE ACS, without a clear allergy to aspirin, we recommend immediate aspirin (162 to 325 mg po) and then daily oral aspirin (75 to 100 mg) [Grade 1A]. 2. For all NSTE ACS patients with an aspirin allergy, we recommend immediate treatment with clopidogrel, 300 mg po bolus, followed by 75 mg/d indefinitely (Grade 1A). 3. For NSTE ACS patients who are at moderate or greater risk (eg, ongoing chest pain, hemodynamic instability, positive troponin, or dynamic ECG changes) for an ischemic event and who will undergo an early invasive management strategy (ie, diagnostic catheterization followed by anatomy-driven revascularization): a. We recommend "upstream" treatment either with clopidogrel (300 mg po bolus, followed by 75 mg/d) or a small-molecule IV GP IIb/IIIa inhibitor (eptifibatide or tirofiban) [Grade 1A] .
b. We suggest upstream use of both clopidogrel and a small-molecule IV GP IIb/IIIa inhibitor (Grade 2A). Scrupulous attention to weight-and renal-based dosing algorithms must be part of eptifibatide or tirofiban administration.
c. For patients presenting with NSTE ACS, we recommend against abciximab as initial treatment except when coronary anatomy is known and PCI is planned within 24 h (Grade 1A). 4. For NSTE ACS patients who are at moderate or greater risk for an ischemic event and for whom an early conservative or a delayed invasive strategy of management is to be used: a. We recommend upstream treatment with clopidogrel (300 mg oral bolus, followed by 75 mg/d) [Grade 1A] .
b. We suggest upstream use of both clopidogrel and a small-molecule IV GP IIb/IIIa inhibitor (Grade 2B). 5. For NSTE ACS patients who undergo PCI, we recommend treatment with both clopidogrel and an IV GP IIb/IIIa inhibitor (Grade 1A).
a. We recommend a loading dose of 600 mg of clopidogrel given at least 2 h prior to planned PCI followed by 75 mg/d (Grade 1B).
b. If ticlopidine is given, we suggest that a loading dose of 500 mg be given at least 6 h before planned PCI (Grade 2C).
c. For PCI patients who cannot tolerate aspirin, we suggest that the loading dose of clopidogrel (600 mg) or ticlopidine (500 mg) be given at least 24 h prior to planned PCI (Grade 2C).
d. We recommend use of a GP IIb/IIIa antagonist (abciximab or eptifibatide) [ Grade 1A] for all NSTE ACS patients with at least moderate risk features undergoing PCI in whom a GP IIb/IIIa inhibitor has not been started "upstream." We recommend administration of abciximab as a 0.25 mg/kg bolus followed by a 12-h infusion at a rate of 10 g/min (Grade 1A) and eptifibatide as a double bolus (each 180 g/kg, given 10 min apart) followed by an 18-h infusion of 2.0 g/kg/min (Grade 1A). Appropriate dose reduction of eptifibatide must be based on renal function.
e. In patients undergoing PCI in whom a GP IIb/IIIa inhibitor has not been started upstream, we recommend against the use of tirofiban as an alternative to abciximab (Grade 1B). 6. For NSTE ACS patients who have received clopidogrel and are scheduled for coronary bypass surgery, we suggest discontinuing clopidogrel for at least 5 days prior to the scheduled surgery (Grade 2A).
Recommendations for Anticoagulant Therapies 1. For all patients presenting with NSTE ACS, we recommend anticoagulation with UFH or LMWH or bivalirudin or fondaparinux over no anticoagulation (Grade 1A).
a. We recommend weight-based dosing of UFH and maintenance of the APTT between 50 and 70 s (Grade 1B).
b. We recommend against routine monitoring of the anticoagulant effect of LMWH (Grade 1C). Careful attention is needed to appropriately adjust LMWH dose in patients with renal insufficiency. 2. For NSTE ACS patients who will undergo an B oth antiplatelet and anticoagulant therapies have become mainstays in the treatment of coronary artery disease (CAD). This chapter will address the acute management of patients who present with non-ST-segment elevation (NSTE) acute coronary syndromes (ACS), including those undergoing percutaneous coronary intervention (PCI) as part of an initial invasive management strategy, with antithrombotic treatment. Other chapters will cover the issues of antithrombotic therapy for patients presenting with ST-segment elevation acute myocardial infarction (AMI) ["Acute ST-Segment Elevation Myocardial Infarction"] and for primary and secondary prevention in patients with chronic CAD ("The Primary and Secondary Prevention of Coronary Artery Disease").
Interpretation of the results of the trials of antithrombotic therapies in CAD requires familiarity with the nomenclature for categorizing patients with ACS. Following the observation by DeWood et al 1 in the late 1970s that intracoronary thrombosis was a key mechanism in the pathophysiology of AMI, the focus in acute cardiovascular research throughout the 1980s and into the early 1990s centered on reperfusion therapy. Data from large trials demonstrated the importance of rapid and accurate diagnosis coupled with rapid administration of fibrinolytic therapy. This approach reduced premature deaths and therefore became incorporated into the quality assessment of the care given to these patients.
During this period of intense investigation of AMI, investigators became increasingly aware of a much larger group of patients presenting to hospitals for evaluation of acute chest pain who did not have ST-segment elevation on the initial ECG. Overview analyses from the Fibrinolytic Trialists' Collaboration showed that among patients with suspected AMI, those with ST-segment elevation or new bundle-branch block on ECG benefited from treatment with fibrinolysis, whereas those presenting initially with ST-segment depression did not. 2 The Global Use of Strategies to Open Occluded Coronary Arteries (GUSTO) IIb trial 3 was one of the first large-scale attempts to study the entire spectrum of patients presenting with acute chest pain, stratifying the randomization on the basis of their initial ECG findings (ST-segment elevation or not). The results of this trial demonstrated that patients without ST-segment elevation represent a different population than those with ST-segment elevation. The patients without ST-segment elevation were older and more likely to be female and have more cardiac and noncardiac comorbidities than patients with ST-segment elevation.
For descriptive purposes, these patients were not being categorized on the basis of their admitting diagnosis, but rather on the diagnosis that became clear 12 to 24 h later, namely unstable angina (UA) or myocardial infarction (MI) [mostly non-Q-wave MI), the two conditions that together now make up NSTE ACS.
Recognition of the size and clinical importance of this neglected group of patients signaled a shift in the focus of acute cardiovascular clinical research from solely concentrating on reperfusion therapy among ST-segment elevation infarction patients to those with NSTE ACS. The diagnoses of UA and NSTE MI (NSTEMI) are made retrospectively, after a period of observation and a review of serial ECGs and cardiac enzymes. The results of these trials showed that these patients with NSTE ACS have a moderate to high risk of early adverse outcomes (2 to 4% risk of death and a 10 to 12% of MI by 30 days) and therefore, may benefit from more rapid assessment, triage, and treatment. 4 The recently updated and revised American College of Cardiology/American Heart Association 5 and European Society of Cardiology 6 guidelines for managing patients with UA and NSTEMI reflect this changing nomenclature. The initial focus of the guidelines considers patients with acute ischemic symptoms as having ACS, and then further differentiates them into ACS with or without ST-segment elevation. The immediate treatment decisions then flow from this differentiation. Table 1 describes the question definition and eligibility criteria for the studies considered in each section of the recommendations that follow.
Antiplatelet Therapies

Aspirin
Background
The chapter by Patrono et al in this supplement describes aspirin and other antiplatelet agents. Aspirin causes irreversible inhibition of platelet cyclooxygenase, thereby preventing the formation of thromboxane A 2 , a platelet aggregant and potent vasoconstrictor. Aspirin has no effect on platelet aggregation induced by other agonists and is therefore a weak platelet inhibitor. The adverse effects of aspirin are primarily related to bleeding, particularly GI, which is less common at the low dosage of 75 to 162 mg/d needed to inhibit platelet aggregation.
Clinical trials have investigated various drugs inhibiting thromboxane A 2 synthase or blocking the thromboxane A 2 receptor, or both. Although they do not decrease prostacyclin production, they have shown no advantage over aspirin.
Evidence From Clinical Trials
Oral antiplatelet therapy, mainly aspirin, has been the cornerstone of acute treatment for Ͼ 15 years. 7 Despite its biochemical limitations, aspirin profoundly reduces adverse clinical events among a broad group of patients treated for acute and chronic vascular diseases. 8 -12 In the systematic review published by the Antithrombotic Trialists' Collaboration, 8 there were 5,031 patients with unstable angina in 12 trials comparing aspirin to either placebo or no treatment. Treatment with aspirin was associated with a 46% relative odds reduction in adverse vascular events.
Most of the excess bleeding related to aspirin is GI. In the Clopidogrel vs Aspirin in Patients at Risk of Ischemic Events (CAPRIE) study 13 comparing clopidogrel vs aspirin in patients with chronic vascular disease, the risk of GI bleeding that led to aspirin discontinuation was 0.93%.
While the risk of side effects, particularly GI bleeding, appears to increase with increasing dose, the relationship between efficacy and aspirin dose is less certain. Analyses 8 from the Antithrombotic Trialists' Collaboration suggested that the benefits of aspirin were consistent on a relative basis across a wide range of doses (Ͻ 160 mg/d to approximately 1500 mg/d), while other analyses by Kong et al 14 suggested that the effect of aspirin is weaker at higher doses. Although a head-to-head comparison is necessary to completely resolve this issue, the bulk of available evidence suggests equivalent or even superior effectiveness at lower doses, thus clinicians can be confident in administering relatively low aspirin doses.
Thienopyridines
Background
Ticlopidine and clopidogrel are adenosine diphosphate (ADP) receptor antagonists that inhibit ADPinduced platelet aggregation and prolong bleeding time (see chapter by Patrono et al in this supplement). Combining platelet antagonists that have different mechanisms of action is attractive. Aspirin inhibits thromboxane A 2 -mediated activation and clopidogrel inhibits ADP-mediated activation.
Evidence From Clinical Trials
The safety profile of ticlopidine is relatively unfavorable, with frequent GI side effects, rash, neutropenia (rarely fatal), thrombocytopenia, and liver Table 2 ]. Clopidogrel monotherapy has a much more favorable safety profile and is well tolerated, as demonstrated in the CAPRIE study 13 of Ͼ 19,000 patients. The benefit derived from antiplatelet therapy in patients with CAD, UA, acute MI, and previous MI is well established; additionally, the added benefit from multitargeted antiplatelet regimens, particularly among high-risk patients with NSTE ACS is now clearly established.
In the Clopidogrel in Unstable Angina To Prevent Recurrent Events (CURE) trial, 15 12,562 patients with NSTE ACS were randomly assigned to receive clopidogrel (300 mg immediately followed by 75 mg qd) or placebo in addition to aspirin (75 The benefits of clopidogrel were consistent across a broad range of patient subsets including those with MI, ST-segment deviation, elevated cardiac biomarkers, diabetes mellitus, age Ͼ 65 years, and high-risk features. Although the absolute use of concomitant glycoprotein (GP) IIb/IIIa inhibitors was low in CURE, the treatment effect of clopidogrel was consistent among those receiving and not receiving the IV platelet inhibitors.
Major bleeding (defined as disabling hemorrhage, intraocular hemorrhage leading to visual loss, or bleeding requiring transfusion of at least 2 U of blood) was significantly more common in clopidogrel-treated patients (3.7% vs 2.7%; RR, 1.38; 95% CI, 1.13 to 1.67; p ϭ 0.001). Life-threatening bleeding (fatal hemorrhage or causing a reduction in hemoglobin of 5 g/dL or to substantial hypotension requiring inotropic support, surgical intervention; symptomatic intracranial hemorrhage, or transfusing of Ն 4 U of blood) was also more common, although the difference did not reach conventional levels of statistical significance (2.2% vs 1.8%; RR, 1.21; 95% CI, 0.95 to 1.56). There was not an excess rate of fatal bleeding, bleeding that required surgical intervention, or hemorrhagic stroke. The number of patients requiring transfusion of Ն 2 U of blood was higher in the clopidogrel group (2.8% vs 2.2%, p ϭ 0.02).
The rate of major bleeding with clopidogrel was higher early (within 30 days of randomization; 2.0% vs 1.5%; RR, 1.31; 95% CI, 1.01 to 1.70) and also late (Ͼ 30 days after randomization: 1.7% vs 1.1%; RR, 1.48; 95% CI, 1.10 to 1.99). Bleeding associated with coronary artery bypass grafting (CABG) was particularly high among patients receiving clopidogrel within 5 days of surgery (9.6% vs 6.3%; p ϭ 0.06) but bleeding was not different between the groups when clopidogrel had been discontinued for Ͼ 5 days. Overall, the risk of minor bleeding was significantly higher in patients treated with clopidogrel (5.1% vs 2.4%; p ϭ 0.001).
Patients Receiving Coronary Stents
Thrombosis, including both in-lab and late events, remains a major challenge among patients undergoing coronary intervention and receiving a stent. The risk of acute complications is reduced with aspirin plus a thienopyridine. 16, 17 In a randomized trial 18 that included 517 high-risk patients treated with PalmazSchatz stents for acute MI, suboptimal angioplasty, or other "high-risk" clinical and anatomic features, patients were assigned to antiplatelet therapy (aspirin plus ticlopidine) or anticoagulant therapy (aspirin, heparin, and a vitamin K antagonist) after successful stent placement. The primary end point, a composite of cardiovascular death, MI, CABG surgery, or repeat angioplasty, occurred in 1.5% of patients given antiplatelet therapy and 6.2% of those randomized to anticoagulant treatment (p ϭ 0.01). 18 Subacute stent thrombosis occurred in 0.8% of patients in the antiplatelet therapy group and in 5.4% of those given anticoagulants. The Stent Anticoagulation Restenosis Study 19 (STARS) randomized 1,653 lower-risk patients to aspirin alone (325 mg/d), the combination of aspirin (325 mg/d) plus ticlopidine (500 mg/d) for one month, or to aspirin (325 mg/d) plus warfarin after successful placement of a Palmaz-Schatz stent. 19 The composite of death, target lesion revascularization, angiographic thrombosis, or MI at 30 days was reduced from 3.6% in patients assigned to aspirin alone and 2.7% in those assigned to aspirin plus warfarin to 0.5% in those given the combination of aspirin and ticlopidine (p Ͻ 0.001). 19 Based on these studies, the combination of aspirin plus a thienopyridine has become the standard of care.
Ticlopidine vs Clopidogrel
Side effects are common with ticlopidine and the drug can cause neutropenia and thrombocytopenia. Clopidogrel is safer than ticlopidine and easier to administer. Clopidogrel also does not cause neutropenia, thereby obviating the need for blood count monitoring. Furthermore, hemolytic uremic syndrome and thrombotic thrombocytopenic purpura are rare complications of clopidogrel. 20, 21 Finally, unlike ticlopidine, which requires twice-daily administration, clopidogrel can be given once daily. [22] [23] [24] A metaanalysis of randomized trials showed that compared with ticlopidine, clopidogrel was associated with a significant reduction in the incidence of major adverse cardiac events (odds ratio [OR], 0.51; p ϭ 0.001) and mortality (OR, 0.44; p ϭ 0.001). 25 The Clopidogrel Aspirin Stent International Cooperative Study (CLASSICS) study 26 randomized 1,020 patients to clopidogrel (300-mg loading dose followed by 75 mg/d) plus aspirin (325 mg/d) or clopidogrel (75 mg/d without a loading dose) and aspirin (325 mg/d), or to ticlopidine (250 mg/d) and aspirin (325 mg/d). The primary end point, a composite of major bleeding complications, neutropenia, thrombocytopenia, or early discontinuation of study drug, occurred in 9.1% of patients in the ticlopidine group and 4.6% of patients in the combined clopidogrel groups (RR, 0.50; 95% CI, 0.31 to 0.81; p ϭ 0.005). 26 Overall rates of major adverse cardiac events (cardiac death, MI, target lesion revascularization) were low and comparable between treatment groups (0.9% with ticlopidine and 1.5% and 1.2% with clopidogrel, without or with a loading dose; p ϭ not significant for all comparisons). 26 In another study, 27 700 patients were randomly assigned to receive a 4-week course of either ticlopidine (500 mg/d) or clopidogrel (75 mg/d) in addition to aspirin (100 mg/d). The prespecified primary cardiac end point, a composite of cardiac death, urgent target vessel revascularization, angiographically documented occlusion, or nonfatal MI within 30 days, occurred in 3.1% of patients assigned to clopidogrel and in 1.7% of those given ticlopidine (p ϭ 0.24). Side effects were significantly less frequent in patients given clopidogrel than in those assigned to ticlopidine (4.5% and 9.6%, respectively; p ϭ 0.01). If ticlopidine is administered after stent placement, it is reasonable to restrict its use to 14 days so as to minimize the risk of hematological toxicity. In one large study 28 that evaluated a 14-day course of ticlopidine, the frequency of ischemic events was 0.73%, and only 0.27% of patients had possible stent thrombosis between days 15 and 30 (95% CI, 0.06 to 0.77).
Pretreatment With Thienopyridines Prior to PCI
Most randomized trials demonstrating the benefit of ticlopidine or clopidogrel started the drug immediately after PCI was completed. In a randomized safety trial comparing prasugrel (CS-747, LY640315), a novel thienopyridine P2Y12 antagonist, with clopidogrel in 904 patients undergoing PCI, Wiviott et al 29 found no significant difference, as both prasugrel-and clopidogrel-treated patients had low rates of bleeding (1.7% vs 1.2%, respectively; hazard ratio [HR], 1.42; 95% CI, 0.40 to 5.08).
In PCI-CURE, 30 pretreatment with clopidogrel for up to 10 days prior to PCI in patients with acute coronary syndromes resulted in improved 30-day outcomes compared with no clopidogrel pretreatment. An overall beneficial effect of pretreatment with clopidogrel could not be demonstrated in patients undergoing elective stent placement. In a subset analysis of the Clopidogrel for the Reduction of Events During Observation (CREDO) trial (described below), however, patients pretreated with clopidogrel at least 6 h prior to PCI experienced a 38.6% RR reduction in the combined end point of death, MI, or target vessel revascularization compared with those who did not receive clopidogrel pretreatment (p ϭ 0.01). 31 Additional analysis of the CREDO trial has suggested that the benefit of pretreatment may be limited to those patients who received pretreatment with clopidogrel Ͼ 14 h prior to PCI. 32 The platelet inhibition effects of thienopyridines are delayed after drug administration, but can be achieved more rapidly by giving a loading dose. Thus, higher doses of clopidogrel (600 to 900 mg) prior to PCI may provide additional benefit compared with the conventional 300-mg loading dose. 33 A randomized trial 34 demonstrated that after a 600 mg loading dose of clopidogrel given Ͼ 2 h prior to PCI, patients treated with high-dose heparin (140 IU/kg) had outcomes similar to those in patients treated with abciximab and lower-dose heparin (70 IU/kg). And Montalescot et al 35 demonstrated a greater antiplatelet effect with a 900-mg loading dose of clopidogrel compared to 300-mg and 600-mg doses. Among patients with ACS undergoing PCI, GP IIb/IIIa blockade with abciximab did add incremental benefit with fewer ischemic complications beyond that of clopidogrel pretreatment and highdose heparin. 36 It should be acknowledged that the recommendation for higher doses of clopidogrel prior to PCI is based on small-modest sized trials using biomarker end points or small trials using composite end points. While there seems to be little downside risk associated with the strategy of higher doses, equipoise does exist and a definitive clinical trial addressing this question is underway.
Duration of Thienopyridine Therapy After Stent Placement
Recommendations for the long-term use of dual antiplatelet therapy following coronary stenting (both bare metal and drug-eluting) are provided in the chapter on the secondary prevention of CAD by Becker et al in this supplement.
Economic Implications of Clopidogrel Therapy in NSTE ACS
The economic considerations surrounding the use of clopidogrel therapy for secondary prevention are examined in the chapter on chronic CAD (Becker et al in this supplement). The specific clinical issue considered here is whether the benefits of this therapy are demonstrable in the earliest phase of ACS and represent good value for money in that context. Although clopidogrel is a relatively expensive medication when used over the long term, use for the acute phase of ACS does not represent a large expense relative to the other costs of ACS care. Thus, the economic question posed above is dependent primarily on the demonstration of important clinical benefits in this early phase of ACS. Specifically, is there evidence that starting clopidogrel early in ACS provides an incremental reduction in major events relative to starting therapy after the acute phase of the illness has passed (generally 1 to 4 weeks)?
Of the major clinical trials providing evidence on the effectiveness of this drug in prevention of atherosclerotic complications, only the CURE Trial enrolled patients in the acute phase (ie, within 24 h of symptom onset) of NSTE ACS. 15 At 30 days, the primary outcome of death from cardiovascular causes, nonfatal MI, or stroke was reduced in the clopidogrel arm by 21% over placebo (p ϭ 0.003). Evidence of benefit that included the primary end point plus refractory or severe ischemia was evident within 24 h of randomization (34% reduction). Both severe ischemia (1 per 100 treated decrease) and recurrent angina (2 per 100 treated decrease) were reduced by clopidogrel during the index hospital phase of therapy. Revascularization was also decreased during the index hospitalization with clopidogrel therapy (1.9 per 100 decrease).
In the economic analysis performed by the CURE study investigators, initial hospitalization costs were reduced in the clopidogrel arm relative to placebo by about $240 to $300, depending on the source of the cost weights used. 37 Although this analysis did not consider a scenario of treatment limited to the first 30 days following randomization, if clopidogrel costs approximately $4/d (www.drugstore.com, accessed 4 15 07), a 30-day course would cost less at $120 than the induced cost savings that were estimated from the empirical trial data, making this strategy both clinically superior and cost saving. By economic reckoning, any therapy that is both cheaper and clinically superior clearly should be preferred to its alternative. The only caveats to be considered relate to establishing that patients to be treated in the future are likely to show the same patterns of benefit seen in CURE, based on their underlying risk of cardiovascular complications and the patterns of adjunctive therapies used.
Dipyridamole
The effects of dipyridamole appear to be related to an increase in platelet cyclic adenosine monophosphate. Currently, there is no evidence to support use of dipyridamole either instead of, or in addition to, aspirin and the thienopyridines in the acute treatment of patients presenting with an NSTE ACS.
GP IIb/IIIa Inhibitors
Background
Randomized trials have tested GP IIb/IIIa receptor inhibitors as arterial antithrombotics and three have gained market approval for clinical use: abciximab, a monoclonal antibody fragment; eptifibatide, a peptide inhibitor; and tirofiban, a peptidomimetic inhibitor. Abciximab and eptifibatide are indicated as adjunctive antithrombotics in patients undergoing PCI, including those with ACS, while eptifibatide and tirofiban are specifically approved for "upstream" use (started at the time of presentation or diagnosis) among patients presenting with NSTE ACS being treated both with and without PCI.
Clinical Trials
A systematic overview, using individual patient data, by Boersma et al 38 included all 31,402 patients presenting with NSTE ACS enrolled in trials of GP IIb/IIIa inhibitors randomizing Ն 1000 patients (Table 3) . Overall there was a significant 1.2% absolute decrease in the incidence of death or MI at 5 days (5.7% vs 6.9%), a highly significant 16% relative reduction in the odds of death or MI (OR, 0.84; 95% CI, 0.77 to 0.93, p ϭ 0.0003) [Fig 1] 42 also demonstrated a convincing effect of the GP IIb/IIIa inhibitors on outcome in patients before they underwent coronary procedures, after they underwent coronary procedures, or in individuals who did not receive coronary procedures. More recently the Acute Catheterization and Urgent Intervention Triage Strategy (ACUITY) trial 43 Investigators tested a strategy of 44 is testing the benefit of very early upstream eptifibatide vs selective usage of this agent in the catheterization laboratory at the time of PCI.
Abciximab
Abciximab was first studied in the Evaluation of 7E3 for the Prevention of Ischemic Complications (EPIC) Trial, which included 2,099 high-risk patients undergoing PCI. 45 All patients received aspirin (325 mg) and a non-weight-adjusted heparin bolus (10,000 -12,000 IU) prior to PCI. Patients were then randomly assigned to treatment with placebo, a bolus of abciximab (0.25 mg/kg), or the same bolus dose of abciximab followed by a 12-h abciximab infusion (10 g/min). Compared with placebo, bolus plus infusion abciximab was associated with a 35% reduction in frequency of the end point, a composite of death, nonfatal MI, need for repeat revascularization, or procedural failure (12.8% and 8.3%, respectively; p ϭ 0.008). 45 However, major bleeding complications were twice as frequent in patients receiving abciximab, reflecting the high dose of heparin that was given in this study.
The Evaluation of PTCA to Improve Long-Term Outcome by Abciximab GP IIb/IIIa Blockade (EPILOG) Trial 46 included 2792 low-risk patients undergoing PCI. All patients received aspirin and were then randomized to weight-adjusted heparin (100 IU/kg with target activated clotting time [ACT] of 300 s) plus placebo; the same heparin dose plus abciximab; or lower-dose heparin (70 IU/kg with minimum ACT target of 200 s) plus abciximab. Compared with placebo, the 30-day end point, a composite of death, MI, or urgent revascularization, was significantly lower in patients treated with abciximab plus lower-dose or usual-dose heparin (11.7%, 5.2%, and 5.4%, respectively; p Ͻ 0.001). The need for transfusion was 3.9% in patients given the usual heparin dose plus placebo, whereas it was 3.3% and 1.9% in the abciximab-treated patients given usualdose or low-dose heparin, respectively. Based on these results, the use of a lower-dose heparin regimen became the standard of care.
The Evaluation of Platelet IIb/IIIa Inhibitor for Stenting (EPISTENT) 47 trial randomly assigned 2,399 patients with ischemic coronary artery disease to stenting plus placebo, stenting plus abciximab, or balloon PTCA plus abciximab. The primary 30-day end point, a combination of death, MI, or need for urgent revascularization, occurred in 10.8% of patients in the stent plus placebo group, 5.3% of those in the stent plus abciximab group (HR 0.48; p Ͻ 0.001), and 6.9% in the group undergoing balloon angioplasty and given abciximab (HR, 0.63; p ϭ 0.007). No significant differences in bleeding complications were noted among the various treatment groups. The effect of periprocedural abciximab on the prevention of late restenosis has been controversial. Although the EPIC study 48 showed a 23% reduction in cumulative 6 month clinical events (p ϭ 0.001), these events were primarily related to the prevention of early (Ͻ 30 day) periprocedural events. A subgroup of diabetic patients undergoing stent implantation in EPISTENT showed a reduction in 6-month target vessel revascularization from 16.6% in those receiving placebo to 8.1% in those receiving abciximab. 49 Subsequent studies failed to demonstrate an effect of abciximab on reducing restenosis risk. 50 Abciximab does not reduce complication rates associated with saphenous venous graft interventions. 51 Although "bailout" abciximab is often given during or just after PCI if there is residual dissection, thrombus, or suboptimal results, 52 this approach has not been evaluated in prospective studies.
Late mortality benefits have been reported after use of abciximab. 53 In a metaanalysis of 12 trials that enrolled 20,186 patients, 30-day mortality was significantly reduced with GP IIb/IIIa inhibition (OR, 0.73; 95% CI, 0.55 to 0.96; p ϭ 0.024). 53 At 6 months, the OR was 0.84 (95% CI, 0.69 to 1.03; p ϭ 0.087). 53 The Global Utilization of Strategies to Open Occluded Coronary Arteries Trial IV in Acute Coronary Syndromes (GUSTO IV-ACS) trial 54 enrolled 7825 patients presenting with ischemic symptoms and either biomarker or ECG evidence of myocardial infarction/ ischemia. Patients were randomized to one of three treatment groups, in addition to receiving heparin or aspirin: placebo, abciximab bolus plus 24-h infusion, or abciximab bolus plus 48-h infusion. 54 Patients were treated conservatively without early cardiac catheterization. The primary end point was the 30-day composite of death and MI. At 30 days, there were no significant differences among the treatment groups with regard to the primary efficacy composite, but abciximab was associated with a fivefold-increased risk in major bleeding (1.0% vs 0.2%) and an increased risk of thrombocytopenia.
Eptifibatide
The Integrelin to Minimize Platelet Aggregation and Coronary Thrombosis-II (IMPACT-II) Trial 55 enrolled 4,010 patients undergoing PCI. Patients were randomized to treatment with placebo, a low-dose bolus of eptifibatide (135 g/kg) followed by a low-dose infusion (0.5 g/kg/min for 20 to 24 h), or the same eptifibatide bolus and a slightly higher-dose infusion (0.75 g/kg/min for 20 to 24 h). The primary end point, a 30-day composite of death, MI, unplanned CABG or repeat PCI, or coronary stenting for abrupt closure, occurred in 11.4% of patients in the placebo group compared with 9.2% in the 135/0.5 eptifibatide group (p ϭ 0.063) and 9.9% in the eptifibatide 135/0.75 group (p ϭ 0.22). 55 Eptifibatide treatment did not increase rates of major bleeding or transfusion.
It is now recognized that the eptifibatide dose used in the IMPACT-II Trial was insufficient to provide adequate platelet GP IIb/IIIa inhibition during PCI. The Enhanced Suppression of the Platelet IIb/IIIa Receptor with Integrilin Therapy (ESPRIT) study 56 evaluated a higher-dose, double-bolus, eptifibatide regimen (two 180 g/kg boluses given 10 min apart followed by an infusion of 2.0 g/kg/min for 18 to 24 h) vs placebo in a randomized study of 2,064 patients undergoing stent implantation in a native coronary artery. 56 The primary end point, a composite of death, MI, urgent target vessel revascularization, or bailout GP IIb/IIIa inhibitor therapy within 48 h of randomization, occurred in 10.5% of 1,024 patients given placebo and in 6.6% of those treated with eptifibatide a risk ratio of 0.63 (95% CI, 0.47 to 0.84; p ϭ 0.0015). The 30-day end point of death or MI was also reduced, from 10.5% in placebo-treated patients to 6.8% in eptifibatidetreated patients, a risk ratio of 0.65 (95% CI, 0.49 to 0.87; p ϭ 0.0034). These effects were sustained 1 year after the procedure, and eptifibatide was also effective in the subgroup of high-risk diabetic patients. 57 Major bleeding was infrequent, but occurred more frequently with eptifibatide than with placebo (1.0% and 0.4%, respectively; p ϭ 0.027). 56 Based on the results of this trial, the eptifibatide regimen used in the ESPRIT trial has become the standard of care.
The large international Platelet Glycoprotein IIb/ IIa in Unstable Angina: Receptor Suppression Using Integrilin Therapy (PURSUIT) trial 42 enrolled 10,948 patients presenting with a NSTE ACS and randomized to one of three drug regimens on a background of aspirin and unfractionated heparin (UFH): eptifibatide 180 g/kg bolus followed by an infusion of either 2.0 or 1.3 g/kg-min or placebo bolus plus infusion. The primary end point was the composite of death and nonfatal MI at 30 days. Since neither dose of eptifibatide had yet been studied in randomized clinical trials, the study was designed to drop the lower dose if the high dose appeared to have an acceptable bleeding profile after approximately 1,000 patients had been enrolled per treatment group. In the primary analysis of high-dose vs placebo, eptifibatide reduced the 30-day composite from 15.7 to 14.2% (p ϭ 0.042), a RR reduction of 9.6%. 42 The benefit was maintained at 6 months. Bleeding was increased overall among the treated patients, with GUSTO moderate or severe bleeding occurring at a rate of 12.8% among eptifibatide patients compared with 9.9% among placebo patients (RR, 1.3; 95% CI, 1.1 to 1.4). This bleeding difference was confined to patients not undergoing CABG. There was a significant increase in thrombocytopenia among the patients treated with the platelet inhibitor. 58 There was no increase in the risk of intracranial hemorrhage among those treated with eptifibatide.
Tirofiban
Two moderate-size trials have evaluated tirofiban in an NSTE ACS population: Platelet Receptor Inhibition in Ischemic Syndrome Management (PRISM) 59 and Platelet Receptor Inhibition in Ischemic Syndrome Management in Patients Limited by Unstable Signs and Symptoms (PRISM PLUS). 60 The PRISM trial randomized 3231 patients presenting with ACS to either tirofiban (loading dose of 0.6 g/min for 30 min followed by 0.15 g/kg/min for 47.5 h) or heparin. 59 The drugs were to be given for 48 h and cardiac catheterization was to be deferred until the study drug was discontinued. The 48-h primary composite of death, MI, or refractory ischemia was reduced with tirofiban from 5.6 to 3.8% with heparin (p ϭ 0.01). The absolute benefit of tirofiban was maintained through 30 days, although the relative benefit was lessened, as additional events accrued in both treatment arms after discontinuation of the therapy. Both groups had a 0.4% incidence of major bleeding.
In the PRISM-PLUS trial, 60 1,915 patients were randomized to treatment with tirofiban alone, tirofiban with heparin, or heparin alone. The primary end point was the composite of death, MI, or refractory ischemia at 7 days. During an interim review by the Data Safety and Monitoring Board, the tirofibanalone arm was dropped due to excess mortality at 7 days. The trial continued with the remaining two treatment arms. Tirofiban plus heparin was associated with a significant reduction in the primary composite end point compared with heparin alone (12.9% vs 17.9%, p ϭ 0.004). This benefit was maintained at 30 days and 6 months. Thrombolysis in Myocardial Infarction (TIMI) major bleeding was not significantly increased among the non-CABG patients (1.4% vs 0.8%, p ϭ 0.23).
Like the other GP IIb/IIIa inhibitors, tirofiban also has been evaluated in patients undergoing PCI. The Randomized Efficacy Study of Tirofiban for Outcomes and Restenosis (RESTORE) trial, 61 enrolled 2,139 patients undergoing PCI within 72 h of experiencing ACS. After pretreatment with aspirin and heparin, patients were randomized to receive tirofiban (bolus of 10 g/kg followed by an infusion of 0.15 g/kg/min Ͼ 36 h) or placebo. The primary 30-day end point, a composite of death, MI, CABG, repeat angioplasty for recurrent ischemia, or stent insertion for abrupt closure, was a nonsignificant 16% lower with tirofiban treatment than with placebo (p ϭ 0.161). 61 Major bleeding occurred in 5.3% of those given tirofiban and in 3.7% of those randomized to placebo (p ϭ 0.096).
In a larger study, 62 4,809 patients destined for coronary stent placement were randomly assigned to receive either the same dose of tirofiban used in the RESTORE trial or abciximab prior to the procedure. The primary end point, a composite of death, nonfatal MI, or urgent target vessel revascularization at 30 days, occurred more frequently in the tirofiban group than in the abciximab group (7.6% and 6.0%, respectively; p ϭ 0.038). The relative benefit of abciximab was consistent regardless of age, sex, the presence or absence of diabetes, or the presence or absence of pretreatment with clopidogrel. 62 Subsequent studies have suggested that the bolus dose of tirofiban given in this study may have been suboptimal. [63] [64] [65] [66] Supporting this concept, larger tirofiban bolus doses have been shown to produce more inhibition of platelet aggregation than lower doses. 67 Based on the results of the studies done with tirofiban to date, this agent is not recommended in the PCI setting.
Broad Drug-Class Issues to Consider With GP IIb/IIIa Inhibitors
Three trials, PARAGON B, 68 PRISM, 59 and CAPTURE 40 have reported a preferential treatment effect of GP IIb/IIIa inhibitors among NSTE ACS patients who present with elevated troponin levels. Newby et al 69 have shown that there is a strong treatment interaction, suggesting that the effect among troponin-positive patients is substantially larger than in troponin-negative patients (in whom there might be no benefit at all).
Part of the reason for the recommendations that this class of drugs should be used in moderate-to high-risk patients is their value as part of an invasive strategy. 5, 70 None of the six large randomized trials specifically addressed the issue of whether the GP IIb/IIIa inhibitors add incremental value to medical therapy without PCI or CABG by randomizing an appropriate group of patients. Inappropriate analysis of postrandomization subgroups (ie, PCI subgroups that accrue after randomization and thus are subject to bias) suggested that the GP IIb/IIIa inhibitors preferentially benefit patients undergoing percutaneous procedures more than those not undergoing such procedures. 71 Two important issues help to clarify this controversy. First, at the time of presentation, it is challenging to predict which specific patients will have PCI or CABG based on clinical characteristics alone. 72 It is knowledge of the coronary anatomy gained from a diagnostic cardiac catheterization that dictates revascularization strategy. Second, although the evidence suggests that an early invasive strategy (early cardiac catheterization followed by anatomy-driven revascularization) is superior to a conservative management strategy, the optimal timing of the early catheterization strategy is unknown. In US-based practices, where the median time to catheterization is approximately 24 h, 73, 74 there is a substantial period prior to the procedure that corresponds with the period of highest risk.
The use of multiple antithrombotic agents is complicated for this group of patients. It is clear from the trial data that GP IIb/IIIa inhibitors add clinical value on background therapy of aspirin and heparin. But the major trials of the GP IIb/IIIa inhibitors were performed prior to the completion of the CURE trial, which itself was predominantly conducted in countries where there was a low usage of the IV platelet inhibitors. Thus, while the effect of clopidogrel, given in addition to aspirin and heparin, was consistent among the groups receiving and not receiving concomitant GP IIb/IIIa inhibitors, the incremental value of adding GP IIb/IIIa inhibitors to aspirin, heparin, and clopidogrel remains uncertain. Recommendations on the use of antiplatelet therapies therefore reflect the limitations of the trials regarding combining clopidogrel and GP IIb/IIIa inhibitors. More data are clearly needed.
Recently, Kastrati et al reported the results of the ISAR-REACT 2 trial comparing abciximab with placebo among ACS patients undergoing PCI and pretreated with clopidogrel (600 mg at least 2 h prior to the procedure). 36 Overall, abciximab was associated with a significant 25% risk reduction (OR, 0.75; 95% CI, 0.58 to 0.97; p ϭ 0.03) in the 30-day primary composite end point of death, MI, and urgent target vessel revascularization (11.9% vs 8.9%). This effect was concentrated among the subset of patients who were troponin positive at baseline (13.1% vs 18.3% among troponin positive; 4.6% vs 4.6% among troponin negative, p for interaction ϭ 0.07). These data suggest that there may be incremental value to adding GP IIb/IIIa inhibitors to clopidogrel among the highest risk group of NSTE ACS patients. More data on this issue will be forthcoming from the ongoing Early Glycoprotein IIb/ IIIa Inhibition in NonST-segment Elevation Acute Coronary Syndrome (EARLY ACS) trial. 44 Bleeding has emerged as an important adverse clinical end point among NSTE ACS patients. [75] [76] [77] Several observational studies have noted an adverse relationship between in-hospital major bleeding or blood transfusion and subsequent mortality, and an overview of clinical trials in mostly surgical/trauma patients suggest a deleterious effect of a liberal blood transfusion strategy compared with a conservative transfusion strategy. 78 These data suggest that avoidance of bleeding and especially of transfusion may be critical in the balance of preventing thrombosis while preserving hemostasis. 79 Recently, Alexander et al 80 have reported that overdosing of GP IIb/IIIa inhibitors is quite common among NSTE ACS patients. They report in a registry population of NSTE ACS patients admitted to US hospitals that 26.8% of patients treated with a GP IIb/IIIa inhibitor are dosed outside the recommended range, and that excessive dosing carries with it a marked increased risk of major bleeding, including blood transfusion, compared with recommended dosing (OR 1.36; 95% CI, 1.10 to 1.68). Attention to proper weight and renal function-based dosing is critical when prescribing GP IIb/IIIa inhibitors.
Economic Implications of IV Antiplatelet Therapy in ACS
Based on the prevailing pathophysiologic model of ACS and the demonstrated benefits of aspirin in reducing death and MI in this disorder, more powerful antiplatelet agents have been developed over the last decade that could be administered IV for rapid onset (and possibly rapid reversal) of a more potent antiplatelet effect. Abciximab, a biological antibody fragment, did not reduce clinical events relative to placebo in the GUSTO IV Trial 54 and is now used primarily in higher-risk PCI procedures, as discussed elsewhere in this supplement. Eptifibatide and tirofiban, both small molecules, have demonstrated benefit in NSTE ACS relative to placebo, as discussed elsewhere in this chapter.
In the PURSUIT Trial 42 of almost 11,000 ACS patients, eptifibatide given for a median of 3 days reduced the absolute 30 day rate of death or MI by 1.5% relative to placebo (p ϭ 0.04). Economic analysis of this trial from the US perspective demonstrated two important findings. 81 First, with 85% of the US patients undergoing cardiac catheterization, no evidence was observed for an effect of eptifibatide on the rates of revascularization or days in the hospital. Second, given that there was no induced cost savings associated with therapy, the relevant economic question in the PURSUIT Trial is whether the incremental cost of the new treatment is reasonable relative to its incremental health benefits. In the PURSUIT Trial, each patient treated with eptifibatide had an incremental drug cost of around $1,100 per patient, while 67 patients needed to be treated to prevent one death or MI Ͼ 30 days. The methods of cost effectiveness analysis are used to translate these empirical observations into a measure that reflects the efficiency of production of incremental health benefits with eptifibatide that can be compared with efficiency metrics from other therapies of interest. The underlying concept is that with a finite budget to spend on health care, decision makers need to know which treatment options provide the best value for money. While efficiency is clearly not the sole, or perhaps even the dominant, element in most decisions about health-care spending, informed decision making without such data is not usually possible.
In the PURSUIT Trial, translation of the observed treatment benefit of eptifibatide into the preferred metric of health benefit for cost-effectiveness analysis, incremental life-years, yielded the result that each eptifibatide patient gained 0.11 life-years relative to the placebo patients. When combined with the incremental costs of therapy, this study estimated that producing an extra life-year using eptifibatide therapy in NSTE ACS cost about $16,500. Producing an extra quality-adjusted life-year cost almost $20,000. Using 2006 US updated pricing information for eptifibatide yields an incremental cost of around $2,000 for the 72-h regimen. At this price, the corresponding cost-effectiveness ratio is around $28,000 per life-year saved and $33,000 per qualityadjusted life-year saved.
By conventional benchmarks, eptifibatide as used in the US PURSUIT cohort would be considered economically attractive or cost effective, even using the higher 2006 prices. The main determinants of this result are the cost of the eptifibatide regimen and the likelihood that any new cohort being treated will experience similar clinical benefit to that seen in the US cohort of PURSUIT. One complexity discussed elsewhere in this chapter is the difficulty in parsing out the benefit due to eptifibatide in medically treated patients vs the benefits in patients undergoing PCI.
Recommendations for Antiplatelet Therapies
For all patients presenting with NSTE ACS without a clear allergy to aspirin, we recommend immediate aspirin (162 to 325 mg po) and then daily oral aspirin (75 to 100 mg) [Grade 1A].
2. For all NSTE ACS patients with an aspirin allergy, we recommend immediate treatment with clopidogrel, 300 mg po bolus, followed by 75 mg/d indefinitely (Grade 1A). 3. For NSTE ACS patients who are at moderate or greater risk (eg, ongoing chest pain, hemodynamic instability, positive troponin, or dynamic ECG changes) for an ischemic event and who will undergo an early invasive management strategy (ie, diagnostic catheterization followed by anatomy-driven revascularization): a. We recommend upstream treatment either with clopidogrel (300 mg po bolus, followed by 75 mg/d) or a small-molecule IV GP IIb/IIIa inhibitor (eptifibatide or tirofiban)
c. For patients presenting with NSTE ACS, we recommend against abciximab as initial treatment except when coronary anatomy is known and PCI is planned within 24 h (Grade 1A). 4. For NSTE ACS patients who are at moderate or greater risk for an ischemic event and for whom an early conservative or a delayed invasive strategy of management is to be used: a. We recommend upstream treatment with clopidogrel (300-mg oral bolus, followed by 75
b. We suggest upstream use of both clopidogrel and a small-molecule IV GP IIb/IIIa inhibitor (Grade 2B). 5. For NSTE ACS patients who undergo PCI, we recommend treatment with both clopidogrel and an IV GP IIb/IIIa inhibitor (Grade 1A):
d. We recommend use of a GP IIb/IIIa antagonist (abciximab or eptifibatide) [Grade 1A] for all NSTE ACS patients with at least moderate-risk features undergoing PCI in whom a GP IIb/IIIa inhibitor has not been started upstream. We recommend administration of abciximab as a 0.25 mg/kg bolus followed by a 12-h infusion at a rate of 10 g/min (Grade 1A) and eptifibatide as a double bolus (each 180 g/kg, given 10 min apart) followed by an 18-h infusion of 2.0 g/kg/min (Grade 1A). Appropriate dose reduction of eptifibatide must be based on renal function. e. In patients undergoing PCI in whom a GP IIb/IIIa inhibitor has not been started upstream, we recommend against the use of tirofiban as an alternative to abciximab (Grade 1B). 6. For NSTE ACS patients who have received clopidogrel and are scheduled for coronary bypass surgery, we suggest discontinuing clopidogrel for at least 5 days prior to the scheduled surgery (Grade 2A).
Anticoagulant Therapies
Pharmacologic therapies designed to attenuate thrombin generation and activity are attractive because of the critical role of thrombin in ACS. The first trial, conducted by Thé roux et al, 11 compared aspirin (325 mg bid), UFH (5,000-U bolus, 1,000 U/h IV), their combination, and placebo in 479 patients. It is the only study that compared UFH (alone) and aspirin (alone) as well as combination therapy. Refractory angina occurred in 8.5%, 16.5%, and 10.7% of patients, respectively (RR, 0.47 for UFH compared with aspirin; 95% CI, 0.21 to 1.05; p ϭ 0.06). MI occurred in 0.9%, 3.3%, and 1.6% of patients, respectively (RR, 0.25; 95% CI, 0.03 to 2.27; p ϭ 0.18), while any event was observed in 9.3%, 16.5%, and 11.5% of patients, respectively (RR, 0.52; 95% CI, 0.24 to 1.14; p ϭ 0.10). Serious bleeding, defined as a fall in hemoglobin Ն 2 g or the need for a transfusion, occurred in 1.7%, 1.7%, and 3.3% of patients, respectively. A majority of events were associated with cardiac catheterization.
Unfractionated Heparin
The remaining trials investigated the potential advantages of combination therapy (UFH plus aspirin) over aspirin monotherapy. Consistent trends across each study favored combined pharmacotherapy and its ability to reduce the combined end point of death or MI.
Therapeutic Levels of Anticoagulation
The optimal level of anticoagulation in patients with ACS is not well defined. The reason likely relates to inherent complexities in the pharmacokinetics and pharmacodynamics of UFH, the dynamic nature of coronary arterial thrombosis, and the use of coagulation tests designed primarily to assess hemostatic potential. The activated partial thromboplastin time (APTT), used widely to monitor UFH, provides a general assessment of coagulation potential; however, it is most sensitive to factor IIa activity.
The "therapeutic" level of anticoagulation with UFH may vary with disease state. In venous thromboembolism, heparin levels Ͼ 0.2 U/mL (protamine titration method) accompanied by APTT values Ͼ 1.5 times the upper limit of control appear to reduce the recurrence of thromboembolism. 85, 86 A similar APTT range may be sufficient in the context of left ventricular mural thrombus prophylaxis 87 and the maintenance of coronary arterial patency following tPA administration. 88 The TIMI IIIB Investigators 89 evaluated the relationship between levels of systemic anticoagulation and clinical events among 1,473 patients with NSTE ACS. Although heparin levels (chromogenic anti-IIa activity) and APTT values (measured serially over a 72 to 96 h UFH infusion period) did not differ significantly between patients experiencing vs those free of clinical events (spontaneous ischemia, MI, death), a trend favored heparin levels Ͼ 0.2 U/mL and APTTs in the 45 to 60 s range as being protective. In addition, high levels of anticoagulation (APTT Ͼ 80 s) were not beneficial.
The GUSTO-IIB study 90 included 5,861 patients with NSTE ACS who received UFH for 72 h. A dose of 60 U/kg bolus with a 12 U/kg/h infusion resulted in the highest proportion of APTT values within the prespecified target range of 50 to 70 s. After adjustment for baseline variables, a higher 12-h APTT was associated with an increased risk of death or reinfarction at 30 days. A prolonged APTT at 6 h increased the risk of moderate or severe bleeding. An APTT of 50 to 60 s at 12 h was associated with the lowest risk of hemorrhagic complications.
The available evidence supports a weight-adjusted dosing regimen with UFH as a means to provide a more predictable and constant level of systemic anticoagulation. [91] [92] [93] An initial bolus of 60 to 70 U/kg (maximum 5,000 U) and initial infusion of 12 to 15 U/kg/h (maximum 1,000 U/h) titrated to a target APTT of 50 to 75 s may be optimal. 5 A "weaning" schedule at the time of treatment completion may reduce rebound thrombin generation and ischemic/thrombotic events, 92 although proving the clinical benefit of this approach will require an adequately powered randomized clinical trial.
Low-Molecular-Weight Heparins
Low-molecular-weight heparin (LMWH) preparations represent a class of heparin-derived compounds with varying molecular weights (2,000 to 10,000 d LMWH has pharmacokinetic and pharmacodynamic biophysical advantages over unfractionated heparin (UFH) [see chapter by Hirsh et al in this supplement for details].
Clinical Trials With LMWHs
Petersen et al 94 conducted a systematic overview of efficacy and bleeding comparing enoxaparin with UFH in the six randomized controlled trials that compared these antithrombin therapies among NSTE ACS pa-tients (Table 4) . Using data from the 21,946 randomized patients, they report no significant difference in death at 30 days for enoxaparin vs UFH (3.0% vs 3.0%; OR 1.00; 95% CI, 0.83 to 1.17) and a significant reduction in the 30-day composite of death or MI favoring enoxaparin over UFH (10.1% vs 11.0%; OR 0.91; 95% CI, 0.83 to 0.99). They observed no significant differences in blood transfusion (OR 1.01; 95% CI, 0.89 to 1.14) or major bleeding (OR 1.04; 95% CI, 0.83 to 1.30) at 7 days.
The original experience with LMWH 95 Overall, 73% of patients receiving LMWH were free from ischemic events, compared with 39% of those receiving UFH and 40% of patients given aspirin alone. There were also fewer silent ischemic events in the LMWH group (18%) compared with those receiving UFH (29%) or aspirin alone (34%). Recurrent angina occurred in 9%, 26%, and 19% of patients, respectively, and MIs were not observed in LMWH-treated patients (compared with 1% in the UFH and 6% in the aspirin-alone groups). Major bleeding occurred infrequently in all treatment groups.
A larger study, Fragmin During Instability in Coronary Artery Disease (FRISC)-1, 96 included 1,506 patients with unstable angina and NSTEMI who were randomized to LMWH (dalteparin, 120 IU/kg SC [maximum 10,000 IU] bid for 6 days, then 7,500 IU qd for 35 to 45 days) or placebo; all patients received aspirin (300 mg first dose, 75 mg/d thereafter). The risk of death or MI was reduced by 63% with LMWH at day 6. The probability of death, MI, and need for revascularization remained lower in the LMWH-treated patients at 40 days; however, results showed little difference between groups beyond the treatment period. Survival analysis revealed a risk of reactivation (recurrent myocardial ischemia) and reinfarction when the dose was reduced (at day 7).
In the FRIC (Fragmin in Unstable Coronary Artery Disease) study, 97 1482 patients with NSTE ACS were assigned to either twice-daily weight-adjusted SC injections of LMWH (dalteparin 120 IU/kg) or dose-adjusted (target APTT 1.5 times the control) IV UFH for 6 days (acute treatment phase). Patients randomized to UFH received a continuous infusion for at least 48 h and were given the option of either continuing the infusion or changing to an SC regimen (12,500 U q12h). In the blinded comparison that took place from days 6 to 45 (prolonged treatment phase), patients received either LMWH (dalteparin, 7,500 IU SC qd) or placebo. During the first 6 days, the rate of death, recurrent angina and MI was 7.6% in the UFH-treated patients and 9.3% in the LMWH-treated patients (RR 1.18; 95% CI, 0.84 to 1.66).
The ESSENCE (Efficacy and Safety of Subcutaneous Enoxaparin in NonQ wave Coronary Events) trial 98 randomly assigned 3,171 patients with angina at rest or NSTEMI to either LMWH (enoxaparin, 1 mg/kg SC bid) or IV UFH (target APTT 55-85 s). Therapy was continued for a minimum of 48 h (maximum 8 days). The median duration of therapy for both groups was 2.6 days. At 14 days, the risk of the composite end point of death, recurrent angina, or MI was 16.6% among patients receiving LMWH and 19.8% for patients given UFH (RR, 16%).
The TIMI 11B study compared enoxaparin and UFH in 3910 patients with NSTE ACS. 99 The trial design had several unique features. First, enoxaparin therapy was initiated with a 30-mg IV bolus, followed by 1 mg/kg SC bid. Second, UFH treatment was given according to a weight-adjusted dosing strategy (70 U/kg bolus, followed by 15 U/kg/h infusion to a target APTT 1.5 to 2.5 times control). Lastly, there was an out-ofhospital treatment phase comparing enoxaparin and placebo for approximately 6 weeks (patients Ն 65 kilograms received Ͻ 60 mg SC bid; those Ͻ 65 kg received 45 mg SC bid for a total of 43 days). Treatment with enoxaparin was associated with a significant reduction in the composite outcome of death, MI, or urgent revascularization compared with UFH at day 14 (14.2% vs 16.7%; relative RR 15%; p ϭ 0.03). The FRAX. I.S. (Fraxiparine in Ischemic Syndromes) 100 study compared the efficacy of nadroparin vs UFH in 3,468 patients with NSTE ACS. Patients were randomized to either UFH, 6-day treatment with nadroparin (86 IU/kg IV bolus, 86 IU/kg SC bid) or 14-day treatment with nadroparin. The combined outcome of cardiovascular death, MI, and recurrent/refractory angina at 14 days occurred in 18.1%, 17.8%, and 20% of patients, respectively (no significant difference). Hemorrhagic events were more common in patients receiving nadroparin for 14 days.
The FRISC II (Fragmin and Fast Revascularization During Instability in Coronary Artery Disease) 101 included 2,267 patients with unstable coronary disease who received 5 days of dalteparin (120 IU/kg SC q12h) and were then randomized to either an invasive or conservative treatment strategy. In separate randomization, patients received either dalteparin (5,000 -7,500 IU SC q12h) or placebo injections for 3 months. By 30 days there was a significant reduction in death or MI favoring dalteparin-treated patients (3.1% vs 5.9%; p ϭ 0.002). The benefit diminished over the next 2 months.
In a prospective, comparative study of LMWH preparations, 102 438 patients with NSTE ACS were ϭ nadroparin at 6 days; Nad14 ϭ nadroparin at 14 days. See Table 3 for expansion of abbreviations. The methodologic quality description portion of this table can be found in the online version of this article as a data supplement. †Major bleeding: overt bleeding resulting either in death; a bleed in a retroperitoneal, intracranial, or intraocular location; a hemoglobin drop Ն 3 g/dL, or the requirement of transfusion of Ն randomized to receive either subcutaneous injections of 100 mg enoxaparin bid or 175 IU/kg tinzaparin qd for 7 days. There were no differences in the primary outcome (death, MI, refractory angina, or recurrence of unstable angina); however, there was a lower incidence of recurrent unstable angina and need for revascularization at 30 days among enoxaparin-treated patients (p ϭ 0.02). Hemorrhagic events were similar in the two groups. The A to Z Trial 103 assessed the efficacy and safety of the combination of enoxaparin and tirofiban compared with UFH and tirofiban among NSTE ACS patients. Among the enoxaparin patients, 8.4% (n ϭ 169) experienced the composite of death, MI or refractory ischemia at 7 days compared with 9.4% (n ϭ 184) who were randomized to UFH (HR, 0.88; 95% CI, 0.71 to 1.08). Superiority of enoxaparin over UFH was not achieved but the results met the prespecified definition of noninferiority. Combined TIMI bleeding (major or minor) was low and not different between the groups (3.0% vs 2.2%, p ϭ 0.13).
In order to better determine the role of enoxaparin in an invasive management strategy, the SYNERGY (Superior Yield of the New Strategy of Enoxaparin, Revascularization and GP IIb/IIIa Inhibitors) Investigators 104 randomized 10,027 high-risk NSTE ACS patients intended for an early invasive strategy to receive enoxaparin or UFH. At 30 days, the primary composite end point of death or MI was 14.0% among enoxaparin patients and 14.5% among those randomized to UFH (OR, 0.96; 95% CI, 0.86 to 1.06). These results satisfied the predefined criteria for noninferiority. Importantly, among the subgroup of patients undergoing PCI, there were no differences in ischemic events (including abrupt closure) between the treatment groups. Major bleeding was significantly increased with enoxaparin compared with UFH when measured according to the TIMI scale but not with the GUSTO scale.
Duration of Treatment With LMWHs
The potential benefit of extended therapy with LMWH has been evaluated in several clinical trials. In the FRIC study, 97 dalteparin was continued at a dose of 7,500 IU IV qd for 39 days. A minority of patients experienced NSTEMI; no additional benefit from extended therapy was observed. Similar findings were reported with enoxaparin (40 or 60 mg bid for 43 days) in the TIMI 11B trial. 99 The FRISC I trial 96 suggested that extended LMWH treatment (dalteparin 7,500 IU qd) might benefit selected patients. The combined end point of death or MI was reduced by 40% (p ϭ 0.003) at day 40 in nonsmokers, as well as in patients with NSTEMI, diabetes mellitus, prior MI, age Ͼ 70 years, and those treated for heart failure. During extended therapy patients with an initial troponin level Ͼ 0.1 g/L derived the greatest overall benefit (RR, 0.48 at day 40; p ϭ 0.01). 96 In the extended follow-up phase of TIMI 11B, continued treatment beyond the initial hospital phase did not provide added benefit (17.3 vs 19.7%; relative RR, 12%; p ϭ 0.05). 99 The FRISC II trial 101, 105 extended several important observations made in FRISC I. Patients experiencing chest pain associated with either ECG changes or elevated cardiac biomarkers received dalteparin 120 IU/kg SC q12h plus aspirin. Those assigned to a noninvasive strategy received dalteparin for 5 to 7 days (until an exercise tolerance test was performed). Patients in the invasive strategy arm of the trial received dalteparin for at least 5 days (until an invasive procedure was performed). Thereafter, either dalteparin (5,000 IU SC bid [women Ͻ 80 kg, men Ͻ 70 kg] or 7,500 IU SC bid in heavier patients) or placebo was given by self-injection for 90 days.
A total of 2,267 patients were included in the noninvasive arm of FRISC II. 101, 105 At 90 days there was a nonsignificant 19% RR reduction in death or MI associated with prolonged dalteparin administration (RR, 0.81; 95% CI, 0.60 to 1.10; p ϭ 0.17). The combined end point was 3.1% in dalteparin-treated patients compared with 5.9% in those given placebo at 30 days (RR, 0.53; 95% CI, 0.35 to 0.80; p ϭ 0.002). The triple composite of death, MI, or revascularization was 13% lower (p ϭ 0.031) at 90 days with prolonged LMWH administration. The rates of hemorrhage were 2.2% and 1.2%, respectively.
Platelet GP IIb/IIIa Inhibitors and LMWH: Combination Therapy
The contribution of platelets and coagulation proteins to coronary arterial thrombosis provides a biological rational for combination pharmacotherapy in patients with NSTE ACS. In the Antithrombotic therapy Combination Using Tirofiban and Enoxaparin II (ACUTE II) study, 106 525 patients with NSTE ACS were treated with tirofiban plus aspirin and randomized to received either UFH (5,000-U bolus, 1,000 U/h adjusted to an APTT of 1.5 to 2.5 times control), or enoxaparin (1.0 mg/kg SC q12h). Therapy was administered for 24 to 96 h. In-hospital death or MI occurred in 9.0% and 9.2% of patients, respectively; however, refractory ischemia requiring urgent revascularization and rehospitalization because of unstable angina occurred more frequently in the UFH group (4.3% vs 0.6%; RR, 0.72; p ϭ 0.01; and 7.1% vs 1.6%; RR, 0.44; p ϭ 0.002, respectively). TIMI major bleeding occurred in 1.0% and 0.3% of patients, respectively.
In a GUSTO IV substudy, 107 646 patients received dalteparin (120 IU/kg SC bid), aspirin and either 24 or 48 h of abciximab given as an initial bolus followed by a continuous infusion. Patients receiving the LMWH plus the GP IIB/IIIa inhibitor were compared with the larger number of nonsubstudy patients who received UFH and the GP IIb/IIIa inhibitor. Death or MI at 30 days occurred in 9.6% of dalteparin-treated patients and 8.5% of UFHtreated patients. The rates of major non-CABG bleeding were 1.2% and 0.7%, respectively. The Integrilin and Enoxaparin Randomized Assessment of Acute Coronary syndrome Treatment (INTERACT) study 108 
Anticoagulation Monitoring With LMWHs
LMWH preparations catalyze thrombin inhibition to a lesser extent than UFH and, as a result, they induce less prolongation of the APTT. Because prolongation of the APTT correlates inversely with the anti-Xa:anti-IIa ratio, tinzaparin (ratio 1.5:1) produces a higher APTT (for an equivalent dose) than enoxaparin (ratio 3.0:1). The more rapid dissipation of anti-IIa activity following LMWH administration also contributes to a weaker effect of LMWH preparations on the APTT.
Anti-Xa activity can be measured by chromogenic and chronometric assays. As with other coagulation tests, variability does exist. A majority of clinical trials, whether based on deep vein thrombosis prophylaxis, venous thromboembolism treatment, or ACS, have not required drug titration according to anti-Xa monitoring; however, an ability to define safe and effective levels of anticoagulation is important for clinical reasons. Defining a target level of factor Xa inhibition is also important in patients with altered drug clearance such as renal insufficiency (particularly with LMWH preparations characterized by a high anti-Xa:anti-IIa ratio). Lastly, monitoring capabilities may be useful when drug reversal is required because of the possibility of hemorrhagic complications during invasive procedures with inherent bleeding risks.
In the TIMI 11A study, 109 there was a relationship between enoxaparin dose and hemorrhagic complications, particularly in those undergoing coronary angiography, PCI, or CABG. Patients receiving enoxaparin at a dose of 1.25 mg/kg q12h had a peak anti-Xa activity (chromogenic assay) of 1.5 IU/mL, while those given 1.0 mg/kg q12h averaged 1.0 IU/mL. Anti-Xa activity among patients with major hemorrhage was 1.8 to 2.0 IU/mL. An analysis of anti-Xa inhibition pharmacokinetics revealed that high trough and peak activity (upper quintiles) was associated with major hemorrhagic events. 109 The optimal level of factor Xa inhibition has not been determined for patients with ACS receiving LMWH. The available information derived from nonrandomized clinical studies of PCI suggests that anti-Xa activity Ͼ 0.5 IU/mL is associated with a low incidence of ischemic/thrombotic and hemorrhagic events. 110, 111 Global coagulation tests, including traditional APTT and activated clotting time (ACT) assays, may provide some insight for LMWH preparations characterized by low anti-Xa:anti-IIa activity. 112 
Antithrombin Therapies and Renal Function
The mechanism of LMWH clearance is predominantly renal (nonsaturable), which explains the linear characteristics of reported elimination curves. 113, 114 Renal performance may not influence pharmacokinetics following single-dose IV administration of enoxaparin. 111, 115 The anti-Xa pharmacokinetics of several other LMWH preparations have been investigated in smallscale, multiple-dose trials. The findings suggest that severe renal insufficiency (creatinine clearance Ͻ 30 mL/min) is associated with reduced drug clearance, particularly with lower molecular-weight (or proportion of short chain molecules) preparations.
Alexander et al 80 have reported in the large CRUSADE observational registry that 13.8% of NSTE ACS patients treated with a LMWH receive an excess dose based on body weight only. After considering other baseline characteristics, those receiving an excessive dose of LMWH had an increased risk of major bleeding compared with those not receiving excess dosing (OR, 1.39; 95% CI, 1.11 to 1.74).
LMWH and PCI
Increasingly, LMWH is used in place of UFH for treatment of patients with NSTE ACS, many of whom undergo PCI. [111] [112] [113] [114] [115] [116] [117] [118] [119] [120] [121] [122] Because of difficulties monitoring levels of anticoagulation with LMWH during PCI, empiric dosing algorithms have been developed. 123 Enoxaparin is the most commonly used LMWH in this setting. Thus, if the last dose of enoxaparin was given Ͻ 8 h before PCI, no additional enoxaparin is used. When the last dose of enoxaparin was given 8 to 12 h before PCI, a 0.3 mg/kg bolus of IV enoxaparin is advocated at the time of PCI, whereas if the last enoxaparin dose was administered Ͼ 12 h before PCI, conventional anticoagulation therapy is recommended. This strategy was used successfully in the large SYNERGY Trial. 104 In small pilot studies, enoxaparin appears to be safe when used in combination with tirofiban 106 or eptifibatide 124 during PCI. Favorable outcomes have also been reported using a combination of dalteparin and abciximab in patients undergoing PCI. 125 Montalescot et al have reported the results of the Safety and Efficacy of Enoxaparin in PCI Patients, an International Randomized Evaluation (STEEPLE) trial. 126 In this open-label RCT, 3,528 patients scheduled for PCI were randomized to receive one of two doses of IV enoxaparin (0.5 or 0.75 mg/kg) or UFH (adjusted using ACT). Approximately 40% of the patients also received GP IIb/IIIa inhibitors. The primary end point was the 48 h occurrence of major or minor bleeding (not related to CABG surgery). There was a significant reduction in the primary end point with the lower dose enoxaparin compared with UFH but not with the higher dose (5.9% vs 8.5%, p ϭ 0.01; 6.5% vs 8.5%, p ϭ 0.051). In a multivariate model examining the risk factors for non-CABG associated bleeding, female sex, age Ͼ 75 and use of GP IIb/IIIa inhibitors were all associated with an increased risk of bleeding. The trial was insufficiently powered to draw definitive conclusions regarding the ischemic events. The incidence of the 30-day composite of all-cause death, nonfatal MI, or urgent target vessel revascularization was 6.2% with the lower enoxaparin dose, 6.8% with the higher dose and 5.8% with UFH (p values for comparisons against UFH were 0.51 and 0.30, respectively).
Short-term administration of LMWH after PCI does not significantly reduce the occurrence of early ischemic events. In the Antiplatelet Therapy alone vs. Lovenox plus Antiplatelet therapy in patients at increased risk of Stent Thrombosis (ATLAST) trial, 28 1102 patients at increased risk of stent thrombosis (ST-elevation MI within 48 h, diffuse distal disease, large thrombus volume, acute closure, or residual dissection) were randomly assigned to receive either enoxaparin (40 or 60 mg given SC q12h for 14 days) or placebo; all patients received aspirin (325 mg/d) and ticlopidine (250 mg bid) for 14 days. 28 The primary end point, a 30-day composite of death, nonfatal MI, and urgent revascularization, occurred in 1.8% of patients given enoxaparin and in 2.7% of those given placebo (p ϭ 0.295). LMWH treatment has no effect on restenosis. [127] [128] [129] 
Economic Implications of LMWH vs UFH in ACSs
The interesting paradox of UFH is that this biological product has proven clinical benefit in ACS despite the significant difficulties that are often encountered in establishing and maintaining a stable level of anticoagulation with it. These difficulties have suggested that anticoagulants with simpler dosing and more reliable therapeutic effects might offer significant clinical advantages over UFH in the treatment of acute coronary syndrome patients. Further, such advantages might justify the higher prices associated with new drugs.
Of the LMWHs developed to supplant UFH, enoxaparin has been studied in the largest number of ACS patients and is the most widely used alternative to UFH in North America. A recent metaanalysis 94 of six trials comparing these two agents in almost 22,000 patients found an overall 9% relative reduction in death or MI at 30 days for enoxaparin with no effect on overall mortality and no difference in major bleeding at 7 days. The first of these six trials, ESSENCE, 130 also had an economic analysis from the US societal perspective. In this analysis, a mean of 2.5 days of enoxaparin therapy cost $155 vs $80 for UFH. Enoxaparin was associated with a reduction at 30 days in the rates of diagnostic catheterization and PCI and a trend toward reduced length of stay in the ICU. These resource trends resulted in a cost offset for enoxaparin of over $700 by hospital discharge, making enoxaparin therapy clinically superior and also less expensive from a societal perspective and a hospital perspective. The US-discounted average wholesale price for enoxaparin in 2006 is higher than it was when this study was performed and the contemporary price of the enoxaparin regimen for the United States would be around $250, but this increase does not alter the major conclusions of the study.
The most recent of the six randomized trials of enoxaparin vs UFH, SYNERGY, found no differences in death or MI out to 30 days and no effects on coronary revascularization rates but a modest increase in major bleeding. 104 While the cause of the loss of enoxaparin's clinical advantage seen in the earlier trials remains speculative, from an economic point of view, one change is particularly noteworthy. In the ESSENCE Trial, 98 which enrolled patients between 1994 and 1996, only about 50% of patients overall underwent diagnostic angiography during the index hospitalization. In contrast, in SYNERGY the diagnostic catheterization rate was 92%. 104 Since the economic benefits seen in ESSENCE were related primarily to the effects of enoxaparin on the use of invasive procedures, it may be that the use of such procedures in virtually all patients in SYNERGY precluded the opportunity to observe a similar economic benefit.
In view of these differences among studies and in the absence of a definitive way to resolve them, it is reasonable to consider the economics in terms of the clinical context in which therapy is to be used. If the practice environment is more like that in ESSENCE, 98 with approximately half of the patients not referred for early invasive management, it is reasonable to expect some cost offsets with enoxaparin from reduced complications and related procedures, as was seen in the ESSENCE economic substudy. 130 If the practice pattern is more like that in SYNERGY, with almost all patients undergoing in-hospital coronary angiography, no offsets on the incremental cost of the enoxaparin regimen are likely and the value-for-money case is less clear.
Selective Factor Xa Inhibitors: Synthetic Pentasaccharide
The pentasaccharide sequence contained within heparin molecules is a prerequisite for antithrombin binding and subsequent coagulation protease neutralization. Fondaparinux (molecular weight, 1,728 d) is a synthetic pentasaccharide that facilitates antithrombin (indirect)-mediated factor Xa (selective) inhibition. It does not inactivate thrombin. The anti-Xa activity of the drug increases with increasing plasma concentrations, peaking within 3 h of SC administration. Elimination occurs solely through renal mechanisms and the plasma half-life is 17 to 21 h.
Fondaparinux is currently Food and Drug Administration-approved for prophylaxis of DVT in patients undergoing hip fracture, hip replacement, or knee replacement surgery. It has been extensively studied among patients with NSTE ACS. In the Pentasaccharide in Unstable Angina (PENTUA) study, 131 1,138 patients were randomized to receive either enoxaparin (1 mg/kg SC bid) or fondaparinux (2.5 mg, 4 mg, 8 mg, or 12 mg SD daily) for 3 to 7 days. The primary efficacy end point was a composite of death, MI, or recurrent ischemia at 9 and 30 days. The composite end point was reached in 40.2%, 30.0%, 43.5%, 41.0%, and 34.8%, of patients respectively, and major and minor bleeding at day 30 occurred in 4.8%, 3.9%, 5.0%, 5.8%, and 4.7% of patients, respectively.
The Arixtra Study in PCI: a Randomized Evaluation (ASPIRE) Trial 132 randomized 350 patients undergoing elective or urgent PCI to receive UFH or one of two doses of IV fondaparinux (2.5 or 5.0 mg). The primary safety outcome was the occurrence of major and minor bleeding. Mehta et al 132 reported a bleeding incidence of 7.7% in the UFH group compared with 6.4% in the combined fondaparinux groups (p ϭ 0.06; HR, 0.81; 95% CI, 0.35 to 1.84). There was less bleeding noted with the lower dose of fondaparinux compared with the higher dose (3.4% vs 9.6%, p ϭ 0.06). There was no difference among the groups with regard to the ischemic composite of death, MI, urgent revascularization or GP IIb/IIIa inhibitor bail-out. There was noted a numerical excess of in-laboratory thrombotic events (abrupt closure or angiographic thrombus) among the fondaparinux groups compared with the UFH group (nine cases in 2.5-mg fondaparinux group, five cases in the 5.0-mg group, and two cases in the UFH group).
Yusuf et al reported on the Fifth Organization to Assess Strategies in Acute Ischemic Syndromes (OASIS-5) trial, 133 a randomized, blinded, doubledummy trial comparing a mean of 6 days of fondaparinux (2.5 mg/d SQ) with enoxaparin (1 mg/kg bid, adjusted to once daily for patients with a creatinine clearance Ͻ 30 mL/min) among 20,078 patients with NSTE ACS. During PCI, there was an algorithm to supplement anticoagulation in both study arms with additional UFH being used in the enoxaparin group and additional IV fondaparinux and UFH ("as per local standard" in the fondaparinux group). The primary outcome measure was the 9-day composite of death, MI, or refractory ischemia. There were a similar number of ischemic events occurring between the groups (5.8% fondaparinux vs 5.7% enoxaparin; HR, 1.01; 95% CI, 0.90 to 1.13). This satisfied the trial's prespecified noninferiority criteria. There was less major bleeding observed with fondaparinux compared with enoxaparin (2.2% vs 4.1%; HR, 0.52; 95% CI, 0.44 to 0.61; p Ͻ 0.001). At 180 days, there were fewer deaths (5.8% vs 6.5%; HR, 0.89; 95% CI, 0.80 to 1.00) and a reduction in the death or MI composite (10.5% vs 11.4%; HR, 0.92; 95% CI, 0.84 to 1.00) associated with fondaparinux use. There was an increased risk of coronary guide-catheter thrombus formation with fondaparinux compared with enoxaparin (0.9% vs 0.4%, p ϭ 0.001) though rates of death or MI were similar between the groups in this population. A strategy of providing additional UFH boluses as per the local standard (eg, 50 to 60 U/kg UFH) during PCI might decrease the risk of catheter thrombosis.
Direct Thrombin Inhibitors
Hirudins
Direct thrombin inhibitors were developed to overcome several limitations of heparin compounds, which include platelet-activating properties, complex pharmacokinetics (with UFH) and an inability of the heparin-antithrombin complex to inactivate fibrinbound thrombin. Hirudin is a potent, direct, bivalent thrombin inhibitor. The terminal half-life is 60 min with clearance by renal mechanisms.
Hirudin doses used in clinical practice prolong APTT and ACT coagulation tests and correlate fairly well with plasma concentrations. In contrast, the thrombin time is too sensitive for application in dose titration and assessment of anticoagulant effects, while the PT is not sensitive enough.
Clinical Trial Results
A systematic overview using individual patient data of randomized clinical trials was performed to obtain precise estimates of direct thrombin inhibitors in the management of ACS (STE and NSTE ACS; PCI). 134 (Fig 2) . In patients with NSTE ACS, treatment with a direct thrombin inhibitor was associated with a reduction in death or MI compared with UFH (3.7% vs 4.6%; OR, 0.80; 95% CI, 0.70 to 0.92). Similar reductions were observed in PCI trials (3.0% vs 3.8%; OR, 0.79; 95% CI, 0.59 to 1.06). There was a statistically insignificant increased rate of major bleeding with direct thrombin inhibitors in trials of ACS (1.6% vs 1.4%; OR, 1.11; 95% CI, 0.93 to 1.34), but there was a significant decrease in PCI trials (3.7% vs 7.6%; OR, 0.46; 95% CI, 0.36 to 0.59). There were no differences in the rates of intracranial hemorrhage.
The risk reduction in death or MI at the end of treatment was similar in trials comparing hirudin or bivalirudin with UFH, but there was a slight excess with univalent inhibitors (4.7% vs 3.5%; OR, 1.35; 95% CI, 0.89 to 2.05). When major bleeding outcomes were analyzed by agent, hirudin was associated with an excess of major bleeding compared with UFH (1.7% vs 1.3%; OR, 1.28; 95% CI, 1.06 to 1.55), whereas both bivalirudin (4.2% vs 9.0%; OR, 0.55, 95% CI, 0.34 to 0.56) and the univalent inhibitors (such as argatroban) (0.7% vs 1.3%; OR, 0.55; 95% CI, 0.25 to 1.20) were associated with lower rates of major bleeding.
Individual Trials
In the GUSTO-IIb trial, 3 patients with NSTE ACS were randomized to receive either UFH or desirudin (0.1 mg/kg IV bolus, 0.1 mg/kg/h infusion). At 24 h, the risk of death or nonfatal MI was reduced in hirudin-treated patients (1.3% vs 2.1%; p ϭ 0.001). The primary end point of death or nonfatal MI at 30 days was reached in 8.9% and 9.8% of patients, respectively (OR, 0.89; 95% CI, 0.79 to 1.00; p ϭ 0.06). The risk of moderate bleeding was increased with hirudin treatment (8.8% vs 7.7%; p ϭ 0.03).
The Organization to Assess Strategies for Ischemic Syndromes (OASIS) study 135 randomized 909 patients with unstable angina or suspected MI without ST-segment elevation to receive UFH (5,000-U bolus, 1,000 to 1,200 U/h infusion), low-dose hirudin (0.2 mg/kg bolus, 0.1 mg/kg/h infusion) or moderatedose hirudin (0.4 mg/kg bolus, 0.15 mg/kg/h infusion). Doses of UFH and hirudin were titrated to a target APTT of 60 to 100 s. Compared with UFH, hirudin reduced the composite incidence of cardiovascular death, MI, or refractory angina at 7 days (OR, 0.57; 95% CI, 0.32 to 1.02) and a composite of death, MI, or refractory/severe angina requiring revascularization at 7 days (OR, 0.49; 95% CI, 0.27 to 0.86). Overall event rates were lowest in the moderatedose hirudin group. Major hemorrhage occurred in approximately 1% of patients and did not differ significantly among the groups. The incidence of minor bleeding was higher in hirudin-treated patients (21.3%, 16.2%, and 1.5% for moderate-dose hirudin, low-dose hirudin, and UFH, respectively).
The favorable results in OASIS prompted a large phase III trial, OASIS-2, 136 which randomized 10,141 patients with NSTE ACS to a 72-h infusion of either moderate-dose hirudin (as defined in OASIS-1) or UFH. The primary outcome (composite of death or MI at 7 and 35 days) was reported in 3.6% and 4.2% of patients (OR, 0.87; 95% CI, 0.75 to 1.01), respectively. Hirudin is almost exclusively excreted through the kidneys and, as a result, renal function must be considered carefully prior to administration. The majority of clinical trials excluded patients with a creatinine level Ն 2.0 mg/dL. Even in the setting of mild renal impairment (CrCl, 50 to 80 mL/min), excessive levels of systemic anticoagulation (and accompanying risk for hemorrhage) can occur with nonmodified dosing. When hirudins are administered to patients with renal insufficiency, frequent APTT monitoring is highly recommended.
Bivalirudin
Bivalirudin is a 20 -amino acid polypeptide that interacts with both the active and anion binding sites of thrombin; however, once bound there is a slow but progressive recovery of the active site function of thrombin, which may play a role in preserving hemostatic potential.
Bivalirudin has been studied extensively in variety of acute care settings, including NSTE ACS and PCI; it is FDA-approved for use in patients undergoing PCI including those with a recent NSTE ACS. Approval was based on data from several randomized clinical trials, 137 the largest performed by Bittl et al. 138 Among 4,312 patients with new-onset, severe, accelerating, or rest angina undergoing PCI, a 22% reduction in death, MI, or urgent revascularization at 7 days was observed in those given bivalirudin compared with UFH (6.2% vs 7.9%; p ϭ 0.03). The absolute and relative differences were maintained at 90 days. There was a marked RR reduction (62%) in bleeding complications among bivalirudin-treated patients compared with those treated with UFH.
In the Randomized Evaluation of PCI Linking Angiomax to Reduced Clinical Events (REPLACE-1) pilot trial, 139 1,056 patients scheduled for elective or urgent PCI were randomized to receive weight-dosed and ACT-guided UFH or bivalirudin (0.75 mg/kg IV bolus followed by 1.75 mg/ kg/h infusion during the procedure). GP IIb/IIIa inhibitors were given at the investigator's discretion and 72% received during PCI. The primary efficacy measure was the 48-h composite of death, MI, or repeat revascularization, the incidence of which did not differ between the groups (5.6% bivalirudin vs 6.9% UFH, p ϭ 0.40). Bleeding was also similar between the groups (2.1% vs 2.7%, p ϭ 0.52).
The follow-up study to REPLACE was the REPLACE-2 trial, 140 a randomized, double-blind comparison of bivalirudin with provisional GP IIb/ IIIa inhibitors vs UFH with planned use of GP IIb/IIIa inhibitors. Dosing of bivalirudin was as employed in REPLACE, while the UFH dose was decreased to 65 U/kg bolus followed by ACT-guided adjustments (done in a blinded fashion). The coprimary end points were the 30-day quadruple composite of death, MI, urgent revascularization, and major bleeding, and the 30-day ischemic triple end point of death, MI, or urgent revascularization. The bivalirudin strategy was noninferior to the UFH-based strategy with regard both to the quadruple composite and the 30-day ischemic outcomes (9.2% vs 10.0%; OR, 0.92; 95% CI, 0.77 to 1.09 for the quadruple end point; 7.6% vs 7.1%; OR, 1.09; 95% CI, 0.90 to 1.32 for the triple end point). Bivalirudin was associated with less major bleeding than UFH (2.4% vs 4.1%; p Յ 0.001).
Bivalirudin has also been studied extensively in the setting of NSTE ACS as "upstream" anticoagulant therapy. The TIMI 8 Investigators planned a large (5,320 patients) randomized clinical trial 141 comparing bivalirudin (0.1 mg/kg bolus followed by a 0.25 mg/kg/h infusion) with UFH (70 U/kg bolus followed by a 15 U/kg/h infusion) among patients with NSTE ACS. The trial was terminated by the sponsor because of a change in the development plans after only 133 patients had been randomized into the trial. The 14-day composite of death or MI occurred in 9.2% of UFH patients compared with 2.9% bivalirudin patients (OR, 0.30; 95% CI, 0.06 to 1.53). Major bleeding was reported in three UFH patients and in no patients receiving bivalirudin.
The Acute Catheterization and Urgent Intervention Triage Strategy (ACUITY) 142 trial was a large, openlabel randomized trial comparing three antithrombotic strategies in patients presenting with a NSTE ACS who were scheduled to be treated with an early invasive strategy. The investigators randomized 13,819 patients to receive UFH or enoxaparin plus a GP IIb/IIIa inhibitor, bivalirudin plus a GP IIb/IIIa inhibitor or bivalirudin alone. There were three primary end points assessed at 30 days: a composite of death, MI, or unplanned revascularization; major bleeding not related to CABG surgery; and a composite of these ischemic and bleeding end points. The investigators prespecified both noninferiority as well as superiority tests. Bivalirudin plus a GP IIb/IIIa inhibitor was noninferior to heparin plus a GP IIb/IIIa inhibitor with regard to the ischemic composite (7.7% vs 7.3%), the bleeding composite (5.3% vs 5.7%) and the combined composite (11.8% vs 11.7%). Bivalirudin alone compared with heparin plus a GP IIb/IIIa inhibitor was noninferior on the ischemic end point (7.8% vs 7.3%) and superior on the bleeding end point (3.0% vs 5.7%; RR, 0.53; 95% CI, 0.43 to 0.65) and on the combined composite (10.1% vs 11.7%; RR, 0.86; 95% CI, 0.77 to 0.97).
Several notable features of this trial deserve comment to place the results in context when considering these antithrombotic strategies for "upstream" use. First, as would be expected in a trial promoting the early invasive management strategy, times from randomization to cardiac catheterization were very rapid (a median of approximately 4 h in all treatment groups). Second, the bivalirudin alone strategy seemed to require concomitant thienopyridine administration to maintain noninferiority on the ischemic composite with the heparin plus GP IIb/IIIa inhibitor.
Argatroban
Argatroban is a small molecule, peptidomimetic arginine derivative that interacts solely with the active site of thrombin (competitive, univalent inhibitor). It is metabolized in the liver, a process that generates several active intermediates. Although the half-life of argatroban is not altered by renal function, clearance is markedly influenced by hepatic performance. Argatroban, like the other IV univalent direct thrombin antagonists, inogatran and efegatran, has not undergone definitive clinical trial evaluation for use among patients with NSTE ACS.
Heparin-Induced Thrombocytopenia
For recommendations about prevention and management of heparin-induced thrombocytopenia, please see chapter by Warkentin et al in this supplement.
a. We recommend weight-based dosing of UFH and maintenance of the APTT Between 50 and 70 s (Grade 1B).
b. We recommend against routine monitoring of the anticoagulant effect of LMWH (Grade 1C). Careful attention is needed to appropriately adjust LMWH dose in patients with renal insufficiency. 2. For NSTE ACS patients who will undergo an early invasive strategy of management (ie, diagnostic catheterization followed by anatomydriven revascularization): a. We recommend UFH (with a GP IIb/IIIa inhibitor) over either LMWH or fondaparinux (Grade 1B).
b. We suggest bivalirudin over UFH in combination with a thienopyridine as an
